410 Rec'dPCT/FIO 0 2 OCT 2001 



(REV 5-93) US DEPARTMENT OF COMMERCE PATEN1 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S. C. §371 



International Application No. 

PCT/JPOO/02149 



International Filing Date 

April 3, 2000 



ATTORNEY DOCKET NUMBER 
2001J479A 



U.S. APPLICATION NO. 



Priority Date Claimed 

April 2, 1999 



Title of Invention 

HYDROGEN PRODUCTION METHOD AND APPARATUS BY GASIFICATION OF COMBUSTIBLES 



Applicants) For DO/EO/US 
Qingquan SU et al. 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/TJS) the following items and other information: 

1. [X] This is a FIRST submission of items concerning a filing under 35 U.S.C. §371. 

2. [] This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. §371. 

3. [X] This express request to begin national examination procedures (35 U.S.C. §37 1(f)) at any time rather than delay 
examination until the expiration of the applicable time limit set in 35 U.S.C. §371(b) and PCT Articles 22 and 39(1). 

: 4. [X] A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed 
; priority date. 

; 5. [X] A copy of the International Application as filed (35 U.S.C. §371(c)(2)) 

a. [] is transmitted herewith (required only if not transmitted by the International Bureau). 

b. [X] has been transmitted by the International Bureau. ATTACHMENT A 

c. [] is not required, as the application was filed in the United States Receiving Office (RO/US) 

6. [X] A translation of the International Application into English (35 U.S.C. §371(c)(2)). ATTACHMENT B 

7. [] Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. §37 1(c)(3)). 
a. [] are transmitted herewith (required only if not transmitted by the International Bureau). 

| b. [] have been transmitted by the International Bureau. 

| c. [] have not been made; however, the time limit for making such amendments has NOT expired, 
i d. [] have not been made and will not be made. 

8. [] A translation of the amendments to the claims under PCT Article 19. 

9. [X] An oath or declaration of the inventor(s) (35 U.S.C. §371(c)(4)). ATTACHMENT C 

10. [] A translation of the annexes to the International Preliminary Examination Report under PCT Article 36 (35 U S C 
§371(c)(5)). 1 

Items 11. to 14. below concern other document(s) or information included: 

11. [X] An Information Disclosure Statement under 37 CFR 1.97 and 1.98. ATTACHMENT D 

12. [X] An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included. 
ATTACHMENT E THB COMMISSIONER IS AUTHORIZE 
.3. mAFBST^^ ATTACHMENT F JLfJSfxgJ STde" S i7 

[X] A SECOND or SUBSEQUENT preliminary amendment. ATTACHMENT^ C0UIT m - 23-0975 * 1 

14. [X] Other items or information: 

- International Preliminary Examination Report (in English) - ATTACHMENT H 

- PCT Written Opinion (in Japanese) - ATTACHMENT I 

- Notification Concerning Submission or Transmittal of Priority Document - ATTACHMENT J 



410Rec'dPCTO 0 2 OCT 2001 



U.S. APPLICATION NO. (I J™^ 37 , 



0¥/ 937b 8 5 



INTERNATIONAL APPLICATION NO. 

PCT/JP00/02149 



15. [X] The following fees are submitted 

BASIC NATIONAL FEE (37 CFR 1.492(a)(l)-(5)): 

Neither internalional preliminary examination fee nor international search fee paid to USPTO 

and International Search Report not prepared by the EPO or JPO $1000.00 

International Search Report has been prepared by the EPO or JPO $ 890.00 

International preliminary examination fee not paid ot USPTO but international search 

paid to USPTO $ 740.00 

International preliminary examination fee paid to USPTO but claims did not satisfy provisions 

of PCT Article 33(l)-(4) $ 690.00 

International preliminary examination fee paid ot USPTO and all claims satisfied provisions of 

PCT Article 33(l)-(4) $ 100 .00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



Surcharge of $130.00 for furnishing the oath or declaration later than [] 20 [] 30 months from the earliest 
claimed priority date (37 CFR 1.492(e)). 



Independent Claims 



Number Extra 



; Multiple dependent claim(s) (if applicable) 



X $84.00 
+ $280.00 



TOTAL OF ABOVE CALCULATIONS = 



[] Small Entity Status is hereby asserted. Above fees are reduced by 1/2. 



SUBTOTAL = 



^Processing fee of $130.00 for furnishing the English translation later than [] 20 [] 30 months from the earliest 
claimed priority date (37 CFR 1 .492(f)). + 



TOTAL NATIONAL FEE = 



pee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be accompanied by ai 
Appropriate cover sheet (37 CFR 3.28, 3.31). $40 per property + 



TOTAL FEES ENCLOSED = 



ATTORNEY'S DOCKET NO. 

2001 1479 A 



CALCULATIONS 



Amount to be charged 



[X] A check in the ai 



over the above fees is ei 



b. [] Please charge my Deposit Account No. 23-0975 in the amount of $ 

A duplicate copy of this sheet is enclosed 



A duplicate copy of this fonn is enclosed. 
to cover the above fees. 



litional fees which may b< 



NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or 
(b)) must be fried and granted to restore the application to pending status. 



19. CORRESPONDENCE ADDRESS 



000513 

PATENT TRADEMARK OFFICE 



Charles R. Watts , 
Registration No. 33,142 

WENDEROTH. LIND & PONACK, L.L.P. 
2033 "K" Street, N.W., Suite 800 
Washington, D.C. 20006-1021 
Phone:(202) 721-8200 
Fax:(202> 721-8250 

October 2, 2001 



[CHECK NO. H \o ?"% 'b J 

[2001J479A] 



NOV. 1.2001 2:57PM WENDEROTH LIND & PONACK 



NO, 3613 P. 4 

09/937885 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of ' 

Qingquan SU et al. Attn; BOX PCT 

Serial No. NEW : Docket No. 20O1J479A 

Filed October 2, 2001 : 

HYDROGEN PRODUCTION METHOD AND 
APPARATUS BY GASIFICATION OF 
COMBUSTIBLES 

[Corresponding to PCT/J POO/02 149 
Filed April 3, 2001] 

PRELIMINARY AMENDMENT TO REDUCE PTO FILING FEE 

Assistant Commissioner for Patents, 
Washington, DC 2023 1 

Sir 

Please amend the above-identified application as follows. 

In the Claims : 

Kindly amend chums 3-9, 13-18 as follows. 

3. (Amended) A hydrogen production method by gasification of combustibles 
according to claim 1. further comprising a shift reaction step for converting carbon monoxide and 
steam in the produced gas into hydrogen gas and carbon dioxide by a catalytic reaction, after said 
gas scrubbing step or before said selective oxidation step. 

4. (Amended) A hydrogen production method by gasification of combustibles 
according to claim 1, further comprising a carbon dioxide chemical absorption step for absorbing 
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and separating carbon dioxide in the produced gas by bringing the produced gas into contact with 
alkaline absorption solution, before said carbon monoxide adsorption step. 

5. (Amended) A hydrogen production method by gasification of combustibles 
according to claim 1, further comprising a carbon dioxide adsorption step for adsorbing and 
separating carbon dioxide in the produced gas by bringing the produced gas into contact with 
carbon dioxide adsorbent, before said carbon monoxide adsorption step. 

6. (Amended) A hydrogen production method by gasification of combustibles 
according to claim I , further comprising a hydrogen purifying step using hydrogen-absorbing 
alloy for separating nitrogen and argon in the produced gas and pressurizing hydrogen gas, after 
said carbon monoxide adsorption step. 

7. (Amended) A power generation method by gasification of combustibles for 
generating electricity by supplying hydrogen gas produced by the method according to claim 1 to 
a fuel cell. 

8. (Amended) A power generation method by gasification of combustibles according 
to claim 7, wherein said hydrogen production method further comprises a hydrogen purifying step 
using hydrogen-absorbing alloy for separating nitrogen and argon in the produced gas and 
pressurizing hydrogen gas, after said carbon monoxide adsorption step, and wherein exhaust heat 
recovered by the cooling of said fuel cell is utilized as a heat source for hydrogen desorption in 
said hydrogen-absorbing alloy, 

9. (Amended) A power generation method by gasification of combustibles according 
to claim 7, wherein said fuel cell used in said fuel cell power generation step comprises a polymer 
electrolyte fuel cell or a phosphoric acid fuel cell. 
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13. (Amended) A hydrogen production apparatus by gasification of combustibles 
according to claim 10, further comprising a carbon dioxide absorption tower provided upstream 
of said carbon monoxide adsorption tower for absorbing and separating carbon dioxide in the 
produced gas by bringing the produced gas into contact with alkaline absorption solution. 

14. (Amended) A hydrogen production apparatus by gasification of combustibles 
according to claim 10, further comprising a carbon dioxide adsorption tower provided upstream 
of said carbon monoxide absorption tower for adsorbing and separating carbon dioxide in the 
produced gas by bringing the produced gas into contact with carbon dioxide adsorbent. 

15. (Amended) A hydrogen production apparatus by gasification of combustibles 
according to claim 10, further comprising an alloy accommodating container packed with 
hydrogen-absorbing alloy provided downstream of said carbon monoxide adsorption tower for 
separating nitrogen and argon in the produced gas and pressurizing hydrogen gas. 

16. (Amended) A power generation system by gasification of combustibles for 
generating electricity by supplying hydrogen gas produced by the apparatus according to claim 10 
to a fuel cell. 

17. (Amended) A power generation system by gasification of combustibles according 
to claim 16, wherein said hydrogen production apparatus further comprises an alloy 
accommodating container packed with hydro gen- absorbing alloy provided downstream of said 
carbon monoxide adsorption tower for separating nitrogen and argon in the produced gas and 
pressurizing hydrogen gas, and wherein exhaust heat recovered by the cooling of said fuel cell is 
utilized as a heat source for hydrogen desorption in said hydrogen-absorbing alloy. 
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1 8, (Amended) A power generation system by gasification of combustibles according 
to claim 16, wherein said fuel cell comprises a polymer electrolyte fuel cell or a phosphoric acid 
fuel cell. 



REMARKS 

The above claim amendments are presented in order to remove multiple claim 
dependencies, so as to reduce the required filing fee, 

Attached hereto is a marked-up version of the changes made to the claims by the current 
amendment. The attached page is captioned " Version with markings to show changes made." 

Respectfully submitted, 

Qingquan SU et al. 

By ^^^g^/gOjg y 
Charles R. Watts ' u 

Registration No, 33,142 
Attorney for Applicants 

CRW/asd 

Washington, D.C. 20006- 1 02 1 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
October 2, 2001 
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3. (Amended) A hydrogen production method by gasification of combustibles 
according to claim 1 [or 2], further comprising a shift reaction step for converting carbon 
monoxide and steam in the produced gas into hydrogen gas and carbon dioxide by a catalytic 
reaction, after said gas scaibbing step or before said selective oxidation step. 

4, (Amended) A hydrogen production method by gasification of combustibles 
according to [any one of claims 1 to 3] claim 1 , further comprising a carbon dioxide chemical 
absorption step for absorbing and separating carbon dioxide in the produced gas by bringing the 
produced gas into contact with alkaline absorption solution, before said carbon monoxide 

□ adsorption step. 

Jj 5. (Amended) A hydrogen production method by gasification of combustibles 

^- according to [any one of claims 1 to 4] claim 1 . further comprising a carbon dioxide adsorption 
step for adsorbing and separating carbon dioxide in the produced gas by bringing the produced 
U gas into contact with carbon dioxide adsorbent, before said carbon monoxide adsorption step. 

"J 6. (Amended) A hydrogen production method by gasification of combustibles 

~~% according to [any one of claims 1 to 5] claim I . further comprising a hydrogen purifying step 

using hydrogen-absorbing alloy for separating nitrogen and argon in the produced gas and 

pressurizing hydrogen gas, alter said carbon monoxide adsorption step. 

7, (Amended) A power generation method by gasification of combustibles for 
generating electricity by supplying hydrogen gas produced by the method according to [any one 
of claims 1 to 6] claim I to a fuel cell. 

8. (Amended) A power generation method by gasification of combustibles according 
to claim 7, wherein said hydrogen production method further comprises a hydrogen purifying step 
using hydrogen-absorbing alloy for separating nitrogen and argon in the produced gas and 
pressurizing hydrogen gas, after said carbon monoxide adsorption step, and wherein exhaust heat 
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recovered by the cooling of said fuel cell is utilized as a heat source for hydrogen desorption in 
said hydrogen-absorbing alloy [according to claim 6], 

9. (Amended) A power generation method by gasification of combustibles according 
to claim 7 [or 8], wherein said fuel cell used in said fuel cell power generation step comprises a 
polymer electrolyte fuel cell or a phosphoric acid fuel cell. 

13. (Amended) A hydrogen production apparatus by gasification of combustibles 
according to [any one of claims 10 to 12] claim 10 . further comprising a carbon dioxide 
absorption tower provided upstream of said carbon monoxide adsorption tower for absorbing and 
separating carbon dioxide in the produced gas by bringing the produced gas into contact with 
alkaline absorption solution. 

14. (Amended) A hydrogen production apparatus by gasification of combustibles 
according to [any one of claims 10 to 13] claim 10 . further comprising a carbon dioxide 
adsorption tower provided upstream of said carbon monoxide absorption tower for adsorbing and 
separating carbon dioxide in the produced gas by bringing the produced gas into contact with 
carbon dioxide adsorbent, 

1 5. (Amended) A hydrogen production apparatus by gasification of combustibles 
according to [any one of claims 10 to 14] claim 10 , further comprising an alloy accommodating 
container packed with hydrogen-absorbing alloy provided downstream of said carbon monoxide 
adsorption tower for separating nitrogen and argon in the produced gas and pressurizing 
hydrogen gas. 

16. (Amended) A power generation system by gasification of combustibles for 
generating electricity by supplying hydrogen gas produced by the apparatus according to [any one 
of claims 10 to 1 5] claim 10 to a fuel cell. 
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17. (Amended) A power generation system by gasification of combustibles according 
to claim 16, wherein said hydrogen production apparatus further comp rises an alloy 
accommodating container packed with hydrogen-absorbing a llov provided downstream of said 
carbon monoxide adsorption tower for separating nitrogen and argo n in the produced gas and 
pressurizing hydrogen gas, and wherein exhaust heat recovered by the cooling of said fuel cell is 
utilized as a heat source for hydrogen desorption in said hydrogen-absorbing alloy [according to 
claim 15], 

18. (Amended) A power generation system by gasification of combustibles according 
to claim 16 [or 17], wherein said fuel cell comprises a polymer electrolyte fuel cell or a 
phosphoric acid fuel cell. 
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Attn: BOX PCX 

Docket No. 2001 1479A 



' IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of 
Qingquan SU et al. 
Serial No. NEW 
Filed October 2, 200 1 

HYDROGEN PRODUCTION METHOD AND 
APPARATUS BY GASIFICATION OF 
COMBUSTIBLES 

[Corresponding to PCT/JPO0/O2149 
Filed April 3, 2001] 



SECOND PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents, 
Washington, DC 2023 1 

Sir: 

Please amend the above-identified application as follows. 

In the Claims : 

Kindly add new claims 19-21 as follows. 

19. (New) A hydrogen production method by gasification of combustibles such as 
combustible wastes or coal, said method comprising a gasification step for gasifying combustibles 
and a gas processing step for producing hydrogen by refining the gas produced in said gasification 
step, said gas processing step comprising: 

a gas scrubbing step for absorbing and removing dust and a trace amount of acid 
gases such as hydrogen chloride and hydrogen sulfide in the produced gas obtained in said 
gasification step by bringing the produced gas into contact with water or alkali solution; and 
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a carbon monoxide adsorption step for adsorbing and separating carbon monoxide 
by bringing the produced gas scrubbed in said gas scrubbing step into contact with carbon 
monoxide adsorbent. 

20. (New) A hydrogen production and supply method by gasification of combustibles 
such as combustible wastes or coal, said method comprising a gasification step for gasifying 
combustibles and a gas processing step for producing hydrogen by refining the gas produced in 
said gasification step, hydrogen obtained in said gasification step being supplied to a fuel cell, said 
gas processing step comprising: 

a gas scrubbing step for absorbing and removing dust and a trace amount of acid 
gases such as hydrogen chloride and hydrogen sulfide in the produced gas obtained in said 
gasification step by bringing the produced gas into contact with water or alkali solution, and 

a carbon monoxide adsorption step for adsorbing and separating carbon monoxide 
by bringing the produced gas scrubbed in said gas scrubbing step into contact with carbon 
monoxide adsorbent, 

2 1 . (New) A hydrogen production method by gasification of combustibles, said 
method comprising a gasification step for gasifying combustibles and a gas processing step for 
producing hydrogen by refining the gas produced in said gasification step, said gas processing 
step comprising: 

a gas scrubbing step for absorbing and removing dust and a trace amount of acid 
gases such as hydrogen chloride and hydrogen sulfide in the produced gas obtained in said 
gasification step by bringing the produced gas into contact with water or alkali solution; 

a carbon dioxide chemical absorption step for absorbing and separating carbon 
dioxide in the produced gas by bringing the produced gas scrubbed in said gas scrubbing step into 
contact with alkaline absorption solution; 
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a carbon monoxide adsorption step for adsorbing and separating carbon monoxide 



by bringing the produced gas into contact with carbon monoxide adsorbent, after said carbon 
dioxide chemical absorption step, and 

a hydrogen purifying step using hydrogen absorbing alloy for purifying the 
produced gas, after said carbon monoxide adsorption step. 

REMARKS 

This Preliminary Amendment is presented in order to effect the Article 34 Amendments 
presented during the international phase. Thus, this Amendment adds new claims 19-21. 

Respectfully submitted, 

Qingquan SU et al. 



CRW/asd 

Washington, D.C, 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
October 2, 2001 




Charles R. Watts 
Registration No. 33,142 
Attorney for Applicants 
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DESCRIPTION 



HYDROGEN PRODUCTION METHOD AND APPARATUS 



BY GASIFICATION OF COMBUSTIBLES 



Technical Field 



The present invention relates to a technology for 
recovering chemical energy of combustibles in the form of 
hydrogen gas and a technology for converting hydrogen gas to 
electric energy with high efficiency, and more particularly to 
a system in which combustibles such as combustible wastes or 
coal are gasified to produce gas and the produced gas is 
utilized to produce hydrogen gas and an electric generating 
system in which the produced hydrogen gas is supplied to a 
fuel cell to generate electricity. Here, combustible wastes 
include municipal wastes, refuse-derived fuel, solid-water 
mixture, used paper, plastic wastes, waste FRP, biomass wastes, 
automobile wastes, industrial wastes such as waste wood, low- 
grade coal, and waste oil. 



In recent years, there has been a growing tendency for 
environmental protection, and various attempts regarding an 
electric generating system have been made to generate 
electricity by utilizing combustible wastes as an energy 
source. One of the attempts is to employ a combined-cycle 
electric generating system in which combustibles are gasified 
under pressure to produce gas, the produced gas is used to 
drive a gas turbine, and a heat of exhaust gas discharged from 
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the gas turbine is recovered by a waste heat boiler to drive a 
steam turbine, and thus the gas turbine and the steam turbine 
are used in combination to perform combined-cycle power 
generation for thereby generating electricity with high 
5 efficiency. 

However, in the above combined-cycle electric generating 
system, a low calorific gas is difficult to be utilized, and 
pollutants such as nitrogen oxide, sulfur oxide and dioxins 
which have a bad influence on environment are generated 
10 because combustion is indispensable, thus causing an increase 
of environment load. 

On the other hand, there has been being developed a fuel 
cell technology having a high efficiency and low environment 
load which corresponds to an electric generating system for 
15 converting chemical energy of hydrogen to electric energy 
directly. In order to make the best use of such electric 
generating technology, it is indispensable to develop a 
production system of high quality hydrogen gas and to prepare 
infrastructure related to hydrogen such as hydrogen gas 
2 0 stations. Specifically, it is necessary to supply hydrogen 
gas having a high concentration which hardly contains gas 
components such as hydrogen sulfide or carbon monoxide 
poisonous to a polymer electrolyte fuel cell which is optimum 
for fuel cell vehicles or household electric generating 
25 systems. However, in the present circumstances, natural gas 
and methanol which can be relatively easily reformed are 
employed as material of hydrogen. 
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Disclosure of Invention 

The present invention has been made in view of the above, 
and it is therefore an object of the present invention to 
provide a system for producing hydrogen gas which is suitable 
for a fuel cell, especially a polymer electrolyte fuel cell 
from gases produced by gasification of combustibles in order 
to change solid waste incinerating facilities into a hydrogen 
gas station or a power plant which does not pollute the 
environment, and to provide a non-incineration power 
generation system having reduced environment load wherein the 
produced hydrogen gas is supplied to a fuel cell to generate 
electricity with high efficiency. 

In order to achieve the above object, the inventors of 
the present application have studied earnestly and found the 
following, and have made the present invention which relates 
to a hydrogen production system (a system shown in FIG. 1) for 
producing high quality hydrogen gas efficiently which is 
suitable for fuel cell power generation from low quality gas 
produced by gasification of combustibles, and a fuel cell 
power generation system (a system shown in FIG. 2) which uses 
the produced hydrogen gas as a fuel. That is, the essence of 
the present invention is the following ( 1 ) to ( 3 ) . 

(1) The grouping of impurity gases is carried out according to 
their separation characteristics and the optimum separation 
technology is utilized according to their separation 
characteristics and concentration range. 

(2) Gas treatment is carried out under a relatively low 
pressure, such as a pressure of atmospheric pressure to about 



4 atmospheres or a pressure of 7 atmospheres at the maximum, 
which is achieved by a blower or a single-stage compressor 
which is inexpensive and has a high energy efficiency. 
(3) A hydrogen purifying step using hydrogen-absorbing alloy 
is provided for the purpose of separating N 2 and Ar gas in 
gases and raising a pressure of hydrogen gas without consuming 
power, and thermal energy which is exhaust heat of the fuel 
cell or is generated in the gasification step is utilized as a 
heat source for releasing hydrogen from the hydrogen-absorbing 
alloy. 

The produced gas yielded in the gasification of 
combustibles varies with the type of combustibles. In general, 
the produced gas contains several percent to several ten 
percent of hydrogen and carbon monoxide as fuel cell 
components, and several percent to several ten percent of 
carbon dioxide, nitrogen, argon and steam as non-fuel-gas 
components, and further contains several ppm to several 
thousands of ppm of hydrogen sulfide and hydrogen chloride as 
minor acid gas components. 

However, as hydrogen gas supplied to the fuel cell, a 
high hydrogen concentration, and a carbon monoxide 
concentration as low as possible are required. Specifically, 
in case of a polymer electrolyte fuel cell, it is necessary to 
lower carbon monoxide concentration to 100 ppm or less, 
25 preferably 10 ppm or less. Further, because acid gases, 
especially hydrogen sulfide and hydrogen chloride are 
poisonous to electrode catalyst of a fuel cell, and various 
gas absorbent, adsorbent and catalyst in the subsequent steps, 
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it is necessary to remove such acid gases down to 1 ppm or 
less, preferably 0.1 ppm or less. Further, in order to 
increase hydrogen concentration, it is necessary to separate 
carbon dioxide, nitrogen and argon. Furthermore, in the case 
5 of providing the hydrogen purifying step using hydrogen- 
absorbing alloy, because carbon dioxide and steam are 
poisonous to the hydrogen-absorbing alloy, it is desirable 
that they are lowered to 100 ppm or less, preferably 10 ppm or 
less, respectively. 
10 In the conventional hydrogen purifying technology, 

impurity gases other than hydrogen are generally separated and 
removed by a single step such as a pressure swing adsorption 
(PSA) step or a membrane separation step. However, in this 
case, a high pressure is required to thus consume large energy, 
15 and the recovery rate of hydrogen is low. In the present 
invention, impurity gases other than hydrogen are divided into 
four groups, i.e. acid gases, carbon monoxide, carbon dioxide 
and steam, and nitrogen and argon according to their 
separation characteristics, and an optimum separation 
2 0 technology is employed according to their separation 
characteristics and concentration range. 

Acid gases such as hydrogen sulfide and hydrogen 
chloride are scrubbed and removed by dissolution of such acid 
gases into a scrubbing liquid and chemical reaction thereof in 
25 a scrubbing step. 

In the case where carbon monoxide concentration in the 
produced gas is not more than 5000 ppm, or not more than 10 
percent according to the conditions, carbon monoxide can be 
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adsorbed and separated only by a CO adsorption step because 
adsorption load is relatively small. When gases other than CO, 
for example, nitrogen and argon are adsorbed in the adsorption 
step, CO adsorption capability is lowered, and hence adsorbent 
having selective adsorption characteristics of CO is used. 
Further, in the case where CO concentration is not less than 
5000 ppm, a selective oxidation step of CO may be provided 
upstream of the CO adsorption step for the purpose of reducing 
adsorption load in the CO adsorption step. Further, in the 
case where CO concentration is not less than 3 percent and the 
selective oxidation step is provided upstream of the CO 
adsorption step, a shift reaction step may be provided 
upstream of the selective oxidation step. According to the 
present invention, in the embodiment in which the shift 
reaction step is provided, CO recovered by desorption in the 
CO adsorption step is returned to the scrubbing step and 
recovered. Further, in the embodiment in which the shift 
reaction step is not provided, CO recovered in the CO 
adsorption step is returned to the gasification step and 
processed in the gasification step. 

With regard to carbon dioxide and steam, there is 
provided a carbon dioxide chemical absorption step in which 
carbon dioxide is chemically absorbed by alkaline absorption 
solution and steam is condensed and removed at the absorption 
temperature. As a separating method of C0 2 gas, there are a 
membrane separation method, an adsorption method and a 
chemical absorption method. In the present invention, exhaust 
heat generated in large quantities in the gasification step or 
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the fuel cell power generation step can be utilized, and 
absorption can be performed under a low pressure such as a 
pressure of atmospheric pressure to about 4 atmospheres or a 
pressure of 7 atmospheres at the maximum. Further, the 
5 recovery rate of hydrogen is extremely high, acid gases such 
as hydrogen sulfide and hydrogen chloride can be further 
absorbed and removed, and C0 2 gas separated and recovered has 
high purity and thus high commercial value. Therefore, it is 
desirable to use carbon dioxide chemical absorption method. 
10 Further, in the case of providing the hydrogen purifying step 
using hydrogen-absorbing alloy, in order to prevent the 
hydrogen-absorbing alloy from being poisoned with carbon 
dioxide and steam, a carbon dioxide adsorption step using a 
pressure swing adsorption (PSA) method is further provided 
15 downstream of the chemical adsorption step to adsorb and 
remove carbon dioxide and steam down to 100 ppm or less, 
preferably 10 ppm or less. Further, it is possible to 
separate C0 2 only by a C0 2 adsorption step without providing 
the chemical absorption step. in this embodiment of the 
2 0 present invention, the recovery rate of hydrogen is so low as 
to be 60 to 80 percent, and there is a disadvantage that the 
recovered C0 2 gas has low purity and cannot be utilized, but 
there is an advantage that the process is simple. In the case 
where the chemical adsorption step is provided at the 
2 5 preceding step, the adsorption load in the C0 2 adsorption step 
is very small, and hence the C0 2 adsorption step and the 
subsequent CO adsorption step may be integrated by filling the 
same adsorption tower with respective adsorbents. 
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With respect to nitrogen and argon, a hydrogen purifying 
step using hydrogen purifying function of hydrogen-absorbing 
alloy is provided. Since N 2 and Ar are inactive gas, in the 
case of separating these gases from hydrogen by the adsorption 
method or the chemical absorption method, the energy 
efficiency is very low. In the separation method using 
hydrogen-absorbing alloy, hydrogen is absorbed selectively, 
and hence the energy efficiency of such separation method is 
higher than those of the adsorption method and the absorption 
method, and at the same time the pressure rise of hydrogen can 
be advantageously performed. In the case of using the 
purified hydrogen gas as a fuel gas in a fuel cell power 
generation, the higher a pressure of hydrogen is, within the 
allowable pressure of a cell stack, the higher the power 
generation efficiency is. 

Conventionally, in most cases, separation of gases is 
carried out under a pressure of 8 atmospheres or higher. 
However, because gases produced by gasification of 
combustibles contain hydrogen whose concentration is so low as 
to be 50 percent or less, if gas separation is carried out 
under high-pressure condition, a large amount of gases must be 
pressurized, so a large compressing equipment (multi-stage 
compressor) is necessary, consumption of energy is great and 
the energy efficiency is lowered. According to the present 
invention, as described above, since gases are separated and 
removed according to grouping of the gases, gas treatment can 
be carried out under a relatively low pressure, such as a 
pressure of atmospheric pressure to about 4 atmospheres or a 



pressure of 7 atmospheres at the maximum, which is achieved by 
a blower or a single-stage compressor which is inexpensive and 
has a high energy efficiency. 

In the gasification step of combustibles, a large amount 
5 of thermal energy is generated, and hence it is important to 
utilize such thermal energy effectively. Further, when fuel 
cell power generation is carried out, chemical energy of fuel 
gas is converted into electric energy, and thermal energy 
which is approximately the same amount as the electric energy, 
10 and such thermal energy is recovered as cooling exhaust heat 
of the cell. However, in the case of a phosphoric acid fuel 
cell, especially a polymer electrolyte fuel cell, the 
recovered exhaust heat is low value heat having a temperature 
of about 70 to 80°c because the operating temperature of the 
15 fuel cell is low. Therefore, how to utilize such exhaust heat 
effectively is very important to improve total energy 
efficiency in the power generation system. 

According to the present invention, a hydrogen purifying 
step using hydrogen-absorbing alloy is provided for the 
20 purpose of separating N 2 and Ar gas from gases and raising the 
pressure of hydrogen gas without consuming power. As a heat 
source for releasing hydrogen from the hydrogen-absorbing 
alloy in the hydrogen purifying step, in the embodiment in 
which the fuel cell power generation step is provided, the 
25 exhaust heat of the fuel cell is utilized, and in the 
embodiment in which the fuel cell is not provided, the thermal 
energy generated in the gasification step is utilized. 

Therefore, in the present invention, the energy 
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efficiency in the hydrogen production system and the fuel cell 
power generation system is promoted, and the economical 
efficiency of the hydrogen production system and the fuel cell 
power generation system is improved. 
5 These steps will be explained in more detail. 

1) Gasification step 

In a gasification step of the present invention, there 
are two types, one is a single-stage gasification step using a 
low- temperature gasification furnace, the other is a two-stage 

10 gasification step using a low-temperature gasification furnace 
and a high-temperature gasification furnace. 

In the single-stage gasification step, combustibles 
comprising wastes are supplied to a low-temperature 
gasification furnace as a f luidized-bed gasification furnace 

15 where the combustibles are pyrolyzed in the temperature range 
of 400 to 1000°C to produce gases containing hydrogen and 
carbon monoxide and a trace amount of hydrocarbons. In this 
case, raising the temperature from temperature at the time of 
the introduction of the raw material to the temperature in the 

2 0 range of 400 to 1000 °C is carried out by partial combustion of 
the combustibles. Incombustibles contained in the 

combustibles are discharged from the gasification furnace. 
The gasification furnace may be a f luidized-bed furnace, or 
alternatively may be a rotary kiln, a stoker furnace or the 

25 like. When combustibles, such as municipal wastes, which have 
irregular shapes and contain incombustibles are used as the 
raw material, it is desirable to use the f luidized-bed furnace. 
This is because in the f luidized-bed furnace, unburned 
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material does not adhere to the incombustibles to be 
discharged from the furnace, thus being less likely to pose a 
problem of the treatment and disposal of incombustibles. 
Further, when the f luidized-bed furnace is adopted, the bed 
5 temperature is preferably low so far as pyrolysis is not 
hindered. Specifically, the furnace is preferably operated at 
a temperature of 400 to 600°C because the incombustibles are 
not oxidized and thus can be easily reutilized. 

In the two-stage gasification step, combustibles are 

10 pyrolyzed and gasified at a temperature of 400 to 1000 °C in a 
low-temperature gasification furnace to produce gas, and the 
produced gas is supplied into a high-temperature gasification 
furnace. In the high-temperature gasification furnace, the 
produced gas is further gasified at a temperature of 1000 to 

15 1500°C to reduce the molecular weight of the produced gas. 
The high-temperature gasification furnace is kept at the 
melting temperature of ash content contained in the produced 
gas or higher. Thus, 80 to 90% of the ash content contained 
in the produced gas is slagged, and the slag is discharged as 

2 0 molten slag to the outside of the system. The organic matter 
and hydrocarbons contained in the produced gas are completely 
decomposed in the high-temperature gasification furnace into 
hydrogen, carbon monoxide, steam, and carbon dioxide. 
2) Scrubbing step 

25 According to the present invention, gases are brought in 

contact with a scrubbing water in a scrubbing tower of a 
scrubbing step to remove acid gases such as hydrogen sulfide 
and hydrogen chloride down to 10 ppm or less, preferably 1 ppm 
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or less. As a scrubbing water, tap water or industrial water 
may be used, but alkali solution comprising water and 0.05 to 
5% of added sodium hydroxide is more preferable. In the case 
of using sodium hydroxide solution as a scrubbing water, acid 
5 gases are absorbed and removed by the following neutralization 
reaction. Soot and dust in the produced gas are scrubbed and 
removed in this step because they would cause clogging of gas 
passages in the subsequent steps. 

H 2 S + 2NaOH -> Na 2 S + 2H 2 0 - (1) 

10 HC1 + NaOH -> NaCl + H 2 0 - (2) 

3) Carbon monoxide adsorption step 

According to the present invention, in order to keep 
carbon monoxide concentration in hydrogen gas to 100 ppm or 
less, preferably 10 ppm or less, a carbon monoxide adsorption 

15 step using a pressure swing adsorption (PSA) method is 
provided. Specifically, the gases are introduced into an 
adsorption tower filled with CO adsorbent to adsorb and 
separate CO in the gases. In order to give full play to 
adsorption ability of the adsorption tower, it is desirable 

20 that adsorbent having selective adsorption property of CO is 
filled into the adsorption tower. Specifically, adsorbent 
having a relatively high adsorption ability of CO and a low 
adsorption ability of C0 2 , N 2 and Ar is preferred, for example, 
zeolite molecular sieves, carbon molecular sieves, activated 

25 carbon, or activated alumina is preferable, and CO selective 
adsorption agent produced by reforming the above adsorbent 
with chemicals having affinity for CO is more preferable. The 
lower adsorption temperature is, the more advantageous 



12 



adsorbent is, but the temperature range of 25 to 40°C which 
can be relatively easily controlled is preferable. The higher 
gas pressure is, the more advantageous adsorption is, but in 
the present invention, because adsorbent having a relatively 
5 high adsorption ability is used, CO can be sufficiently 
adsorbed and separated even in a low pressure range such as a 
pressure of atmospheric pressure to about 4 atmospheres or a 
pressure of 7 atmospheres at the maximum. Further, when the 
adsorption ability of the employed adsorbent is saturated, the 

10 adsorbent is desorbed under depressurized condition using a 
vacuum pump, and the desorbed CO gas is returned to the inlet 
of the scrubbing step or the gasification step and recovered. 
As the desorption pressure is lowered by the vacuum pump, the 
pressure differential between the adsorption pressure and the 

15 desorption pressure is increased, and hence the processing 
ability of the adsorption tower is improved, but the power 
consumption in the vacuum pump is increased. Therefore, the 
desorption pressure is preferably in the range of 13300 to 1330 
Pa (100 to 10 Torr) . 

2 0 4) Selective oxidation step 

According to the present invention, in the case where 
carbon monoxide concentration in the scrubbed gas is 5000 ppm 
(0.5 %) or more, a selective oxidation step is provided to 
lower the concentration of carbon monoxide to 5000 ppm or less, 

25 preferably 500 ppm or less. That is, the following selective 
oxidation reaction is carried out by supplying oxygen or air 
to a selective oxidation reactor packed with a selective 
oxidation catalyst while leading the above gases to the 
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selective oxidation reactor. 
CO + l/20 2 C0 2 ••• (3) 

The larger the amount of oxygen supplied, the lower the 
concentration of the residual carbon monoxide. In the 
5 embodiment in which the hydrogen purifying step using 
hydrogen-absorbing alloy is provided, because an excess amount 
of oxygen gas is poisonous to the hydrogen-absorbing alloy, 
the amount of oxygen is preferably around 1 equivalent to 
carbon monoxide. The reaction temperature is preferably in 

10 the range of 100 to 150°C. Any catalyst may be used without 
particular limitation as long as the catalyst has high 
selectivity for oxidation of carbon monoxide and can realize 
high reaction rate. For example, a platinum-based catalyst or 
a gold catalyst with gold supported on alumina is suitable. 

15 5) Shift reaction step 

According to the present invention, in the case where 
carbon monoxide concentration in the scrubbed gas is 3 % or 
more, a shift reaction step is provided for the purpose of 
lowering carbon monoxide concentration to 1 % or less, 

20 preferably 0.5 % or less and increasing the concentration of 
hydrogen which is a target gas component. That is, the 
following shift reaction is carried out in a shift reactor 
packed with a shift reaction catalyst. 
CO + H 2 0 -> C0 2 + H 2 - (4) 

25 Steam contained in the produced gas is utilized as steam 

necessary for the reaction. The shift reaction is an 
exothermic reaction. Therefore, a lower reaction temperature 
lowers the equilibrium concentration of carbon monoxide, while 
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brings the reaction rate down. For this reason, the reaction 
temperature is preferably in the range of 200 to 250°C. The 
type and form of the catalyst are not particularly limited as 
long as the shift reaction can be accelerated. Catalysts 
5 suitable for use in the above temperature range include 
copper-zinc-base shift reaction catalysts. 

If the gasification temperature in the gasification step 
is relatively low, for example 700°C or lower, the gas 
reaction such as water gas reaction in the gasification step 

10 does not progress sufficiently, and in some cases, hydrocarbon 
components such as methane or tar remain in the produced gas. 
In this case, a reforming step may be provided upstream of the 
shift reaction step. That is, hydrocarbon components are 
reacted with steam at a temperature of 700 to 1000°C under a 

15 reforming catalytic action for thereby decomposing the 
hydrocarbon components and producing hydrogen and carbon 
monoxide . 

6) Carbon dioxide chemical absorption step 

According to the present invention, a carbon dioxide 

20 chemical absorption step is provided, and gases are brought in 
contact with an absorption solution in an absorbing tower to 
absorb and separate C0 2 . As an absorption solution, hot 
potassium carbonate absorption solution or alkanolamine 
absorption solution is preferable, and in the present 

2 5 invention, alkanolamine absorption solution having a high 
absorbing ability is more preferable. Specific examples of 
absorbents applicable herein include monoethanolamine (MEA) , 
diethanolamine (DEA), and methyldiethanolamine (MDEA) and the 
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like. An absorption reaction by alkanolamine absorption 
solution is represented by the following formula: 

R-NH 2 + H 2 0 + C0 2 -> R-NH3HCO3 ••• (5) 

Since the above reaction is an exothermic reaction, the 
5 lower adsorption temperature is, the more advantageous 
adsorption is, but the temperature range of 25 to 40 °C which 
can be relatively easily controlled is preferable. The higher 
gas pressure is, the more advantageous adsorption is, but in 
the present invention, because absorption solution having a 

10 relatively high absorption ability is used, C0 2 can be absorbed 
and separated down to 5000 ppm or less, preferably 100 ppm or 
less in a low pressure range such as a pressure of atmospheric 
pressure to about 4 atmospheres or a pressure of 7 atmospheres 
at the maximum. Further, when the absorption ability of the 

15 employed absorption solution is saturated, the absorption 
solution is sent to a regeneration tower in which the 
absorption solution is regenerated at a temperature of 100 to 
150 °C and C0 2 gas is recovered. The regenerated absorption 
solution is returned to the absorption tower. As a heat source 

2 0 required for heating the absorption solution at the time of 
regeneration, steam recovered in the gasification step is used. 
Steam in the gases is removed by condensation to such a degree 
of saturation vapor pressure of absorption temperature in this 
step, and the remaining steam is adsorbed and separated in the 

25 subsequent adsorption step or the preceding treatment equipment. 
Acid gases such as hydrogen sulfide and hydrogen chloride are 
further absorbed and removed in this step. 
7) Carbon dioxide adsorption step 
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According to the present invention, a carbon dioxide 
adsorption step using a pressure swing adsorption (PSA) method 
is provided downstream of the carbon dioxide chemical 
adsorption step to adsorb and remove carbon dioxide and steam 
5 down to 100 ppm or less, preferably 10 ppm or less. 
Specifically, the gases are introduced into a C0 2 adsorption 
tower and brought in contact with adsorbent to adsorb and 
separate C0 2 in the gases. In order to give full play to 
adsorption ability of the adsorption tower, it is desirable 

10 that adsorbent having selective adsorption property of C0 2 is 
filled into the adsorption tower. Specifically, adsorbent 
having a relatively high adsorption ability of C0 2 and a low 
adsorption ability of CO, especially N 2 and Ar is preferred, 
and, for example, zeolite molecular sieves, carbon molecular 

15 sieves, activated carbon, or activated alumina is preferable. 
The lower adsorption temperature is, the more advantageous 
adsorption is, but the temperature range of 25 to 40 °C which 
can be relatively easily controlled is preferable. The higher 
gas pressure is, the more advantageous adsorption is, but in 

2 0 the present invention, because adsorbent having a relatively 
high adsorption ability is used, CO z can be sufficiently 
adsorbed and separated even in a low pressure range such as a 
pressure of atmospheric pressure to about 4 atmospheres or a 
pressure of 7 atmospheres at the maximum. Further, when the 

25 adsorption ability of the employed adsorbent is saturated, the 
adsorbent is desorbed under depressurized condition using a 
vacuum pump, and the desorbed C0 2 gas is released to the 
atmosphere. As the desorption pressure is lowered by the vacuum 
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pump, the pressure differential between the adsorption pressure 
and the desorption pressure is increased, and hence the 
processing ability of the adsorption tower is improved, but the 
power consumption in the vacuum pump is increased. Therefore, 
5 the desorption pressure is preferably in the range of 13300 to 
1330 Pa (100 to 10 Torr) . In order to separate and adsorb steam, 
a packed bed of adsorbent such as activated alumina or silica 
gel suitable for adsorbing steam may be preferably provided 
upstream of the packed bed packed with the adsorbent for carbon 
1 0 dioxide . 

According to the present invention, a carbon dioxide 
chemical absorption step and/or adsorption step are provided 
downstream of the carbon monoxide shift reaction step and/or 
the selective oxidation step and upstream of the carbon 

15 monoxide adsorption step for the following reason. More 
specifically, in the case where the carbon dioxide chemical 
absorption or adsorption step is provided upstream of the 
carbon monoxide shift reaction and/or selective oxidation step, 
carbon dioxide produced in the carbon monoxide shift reaction 

2 0 step and/or the selective oxidation step would not be removed, 
or if carbon dioxide is adsorbed in the carbon monoxide 
adsorption step, the adsorbing load in the carbon monoxide 
adsorption step would be increased. Further, in the case where 
the carbon dioxide chemical absorption or adsorption step is 

25 provided downstream of the carbon monoxide adsorption step, the 
carbon monoxide adsorption step is carried out under 
coexistence of carbon dioxide, and hence the adsorption 
efficiency of carbon monoxide in this step is lowered. However, 
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the above embodiment, needless to say, is encompassed in the 
scope of the present invention. 
8) Hydrogen purifying step 

According to the present invention, a hydrogen purifying 
5 step using hydrogen-absorbing alloy is provided to process 
gases from which H 2 S and HCl have been removed down to 10 ppm 
or less, preferably 1 ppm or less, and CO z , CO and H 2 0 have 
been removed down to 100 ppm or less, preferably 10 ppm or 
less, respectively. Gases are introduced into a container 

10 housing hydrogen-absorbing alloy therein, and hydrogen is 
absorbed by the hydrogen-absorbing alloy while the alloy is 
cooled, thus separating N 2 and Ar from hydrogen. After the 
absorption of hydrogen by the hydrogen-absorbing alloy is 
saturated, nitrogen gas and argon gas are purged from the 

15 alloy container, and then the hydrogen- absorbing alloy is 
heated to release hydrogen therefrom. The released hydrogen 
gas is pressurized and stored in a hydrogen tank, or is 
supplied to the fuel cell power generation step via the 
hydrogen tank. Nitrogen and argon in the hydrogen gas which 

20 has been released and purified are removed down to 100 ppm or 
less, respectively, and the hydrogen concentration reaches 
99.9 % or more. The employed hydrogen-absorbing alloy is not 
particularly limited as long as the hydrogen-absorbing alloy 
has a large hydrogen absorbing capacity. The hydrogen- 

25 absorbing alloy having a desorption pressure of 1 to 10 
atmospheres at a temperature of 70 °C, preferably an absorbing 
and releasing property of 3 to 6 atmospheres is desirable so 
that low exhaust heat having a temperature of about 70 °C 
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generated from a phosphoric acid fuel cell or a polymer 
electrolyte fuel cell can be utilized as a heat source for 
hydrogen desorption. Specific examples of such alloy include 
LaNi 5 alloy and TiFe alloy. The hydrogen absorption reaction 
5 and hydrogen desorption reaction by LaNi 5 alloy are represented 
by the following: 

Hydrogen absorption reaction: LaNi 5 + 3H 2 -> LaNi 5 H 6 + 
exothermic ity •• (6) 

Hydrogen desorption reaction: LaNi 5 H 6 — > LaNi 5 + 3H 2 + 

10 endothermicity ••• (7) 

Because the hydrogen absorption reaction is an 
exothermic reaction as expressed in the formula (6), in the 
case where partial pressure of hydrogen is constant, it is 
necessary to keep absorbing temperature at a low value by 

15 cooling the hydrogen-absorbing alloy during hydrogen 
absorption, especially in case of low partial pressure of 
hydrogen. The lower hydrogen absorption temperature is, the 
more advantageous absorption is, but the temperature range of 
25 to 35 °C which can be easily maintained by a cooling water is 

2 0 preferable. Further, because the hydrogen desorption reaction 
is an endothermic reaction as expressed in the formula ( 7 ) , in 
order to increase the pressure of the released hydrogen, it is 
necessary to raise desorption temperature by heating the 
hydrogen-absorbing alloy during hydrogen desorption. According 

25 to the present invention, as a heat source, in the embodiment 
in which a fuel cell power generation step is provided, a 
cooling water, in a fuel cell stack, having a temperature of 
about 70°C, or 70 to 80°C depending on conditions is used, and 
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in the embodiment in which the fuel cell power generation step 
is not provided, the recovered steam in the gasification step 
is used. Further, the hydrogen-absorbing alloy is housed in a 
heat exchanger-type container having a jacket for heat exchange, 
5 and two series of containers in which the hydrogen-absorbing 
alloy is housed, respectively, are provided to perform hydrogen 
absorption and hydrogen desorption continuously, and the two 
series of the containers are switched by solenoid valves. 
9) Fuel cell power generation step 

10 According to the present invention, in the embodiment in 

which the fuel cell power generation is provided, the hydrogen 
gas produced in the gas processing step has a relatively low 
temperature, a high hydrogen concentration, and a low carbon 
monoxide content. Therefore, the fuel cell employed is 

15 preferably a phosphoric acid fuel cell or especially a polymer 
electrolyte fuel cell, operatable at a relatively low 
temperature. Cell reactions involved in the phosphoric acid 
or polymer electrolyte fuel cell are as follows: 
Anode reaction: H 2 -» 2H + + 2e" ••• (8) 

20 Cathode reaction: l/20 2 + 2H + + 2e" -> H 2 0 - (9) 

More specifically, hydrogen gas is supplied to the anode 
compartment in a fuel cell stack while air or oxygen gas is 
supplied to the cathode compartment, whereby electricity is 
generated by the cell reactions. The operating temperature of 

25 the phosphoric acid fuel cell and the operating temperature of 
the polymer electrolyte fuel cell are around 200°C and around 
80°C, respectively. Since these reactions are exothermic 
reactions, the stacks must be cooled to maintain the above 
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operating temperatures. According to the present invention, 
stack cooling water is circulated between the fuel cell power 
generation step and the hydrogen purifying step using 
hydrogen -absorbing alloy to utilize stack exhaust heat as a 
5 heat source for hydrogen desorption. 

Further, in the fuel cell power generation, in order to 
ensure the power generation efficiency, it is a common 
practice to leave about 30% of the hydrogen gas or about 20 to 
30 % of hydrogen gas depending on conditions which has been 

10 supplied to the anode compartment in the stack without 
consuming 100% of the supplied hydrogen gas and to discharge 
it as a vent gas from the stack. According to the present 
invention, the vent gas is led to the hydrogen purifying step 
in which the vent gas is recovered, and the recovered gas is 

15 purified again and pressurized, and then supplied to the stack. 
In the case where steam is contained in the vent gas, a steam 
removing apparatus may be provided upstream of the hydrogen 
purifying step. 

2 0 Brief Description of Drawings 

FIG. 1 is a block diagram of a hydrogen production 
system according to the present invention; 

FIG. 2 is a block diagram of a fuel cell power 
generation system according to the present invention; 
25 FIG. 3 is a schematic view of a gas processing step in 

the hydrogen production system shown in FIG. 1 and the fuel 
cell power generation system shown in FIG. 2; 

FIG. 4 is a block diagram showing a fuel cell power 



22 



generation system according to a first embodiment of the 
present invention; 

FIG. 5 is a block diagram showing a fuel cell power 
generation system according to a second embodiment of the 
5 present invention; 

FIG. 6 is a block diagram showing a hydrogen production 
system according to a third embodiment of the present 
invention ; 

FIG. 7 is a block diagram showing a hydrogen production 
10 system according to a fourth embodiment of the present 
invention ; 

FIG. 8 is a block diagram showing a hydrogen production 
system according to a fifth embodiment of the present 
invention ; 

15 FIG. 9 is a block diagram showing a hydrogen production 

system according to a sixth embodiment of the present 
invention ; 

FIG. 10 is a block diagram showing a fuel cell power 
generation system according to a seventh embodiment of the 
20 present invention; 

FIG. 11 is a schematic view showing an apparatus for 
carrying out a gasification step according to a first 
embodiment of the present invention; 

FIG. 12 is a schematic view showing an apparatus for 
25 carrying out a gasification step according to a second 
embodiment of the present invention; 

FIG. 13 is a diagram showing a typical configuration of 
a main constituent equipment in the second embodiment of the 
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present invention; and 

FIG. 14 is a schematic view showing an apparatus for 
carrying out a gasification step according to a third 
embodiment of the present invention. 

5 

Best Mode for Carrying Out the Invention 
Embodiments of the hydrogen production system and the 
fuel cell power generation system by gasification of 
combustibles according to the present invention will be 

10 described with reference to FIGS. 1 through 10. In FIGS. 1 
through 10, like or corresponding steps or members are 
identified with the same reference numerals to avoid the 
repetition of the explanation. 

FIG. 1 is a schematic block diagram showing the hydrogen 

15 production system according to the present invention. As 
shown in FIG. 1, in the hydrogen production system according 
to the present invention, combustibles a are gasified in a 
gasification step 1, and the obtained produced gas b is 
processed in a gas processing step la to produce hydrogen gas 

20 c. 

FIG. 2 is a schematic block diagram showing the fuel 
cell power generation system according to the present 
invention. As shown in FIG. 2, in the fuel cell power 
generation system according to the present invention, the 
25 hydrogen gas c obtained in the step shown in FIG. 1 is 
supplied to a fuel cell power generation step 9 to generate 
electricity. 

FIG. 3 is a schematic block diagram showing a gas 
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processing step in the hydrogen production system shown in FIG. 
1 and the fuel cell power generation system shown in FIG. 2. 
As shown in FIG. 3, the gas processing step la of the present 
invention comprises a scrubbing step 2 for removing hydrogen 
5 sulfide and hydrogen chloride, a selective oxidation step 4, a 
shift reaction step 3 and an adsorption step 7 for separating 
carbon monoxide, a chemical absorption step 5 and an 
adsorption step 6 for separating carbon dioxide, and a 
hydrogen purifying step 8 for separating nitrogen and argon. 

10 FIG. 4 is a schematic block diagram showing the fuel 

cell power generation system according to the first embodiment 
of the present invention. Combustibles a and oxygen or air 13 
are supplied to a gasification step 1, and the combustibles a 
are pyrolyzed in the temperature range of 600 to 1400°C to 

15 produce gas b and incombustibles 12. The produced gas b is sent 
to a scrubbing tower 21 of a scrubbing step 2 by a blower 14. 
In the scrubbing tower 21, the produced gas b is brought in 
contact with a scrubbing water 23 to remove acid gases such as 
hydrogen sulfide and hydrogen chloride in the produced gas down 

2 0 to 10 ppm or less, preferably 1 ppm or less. The scrubbing 
water 23 is circulated through the scrubbing tower 21 by a 
circulating pump 24, and a part of the scrubbing water 23 is 
withdrawn at all time and a new scrubbing water whose amount is 
equal to the amount of the withdrawn scrubbing water is 

25 replenished. The scrubbed gas 22 discharged from the scrubbing 
step 2 is cooled to about 30 °C in a cooler 43, and then the gas 
52 is introduced into an adsorption tower 71 of the carbon 
monoxide adsorption step 7 where the gas 52 is brought in 
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contact with carbon monoxide adsorbent to adsorb and remove 
carbon monoxide down to 100 ppm or less, preferably 10 ppm or 
less. There are provided at least three series of the 
adsorption towers 71, or at least two series of the adsorption 
5 towers depending on conditions, and the adsorption tower in 
each of the series repeats adsorption and desorption 
alternately. When the adsorption ability of the adsorbent in 
the adsorption tower 71 is saturated, desorption and 
regeneration of the adsorbent is carried out by a vacuum pump 

10 73, and the desorbed carbon monoxide gas 74 is returned to the 
gasification step 1. The carbon monoxide gas 74 which has been 
returned to the gasification step 1 is subjected to shift 
reaction with steam in the gasification step, thus being 
converted into hydrogen and carbon dioxide. Next, the gas 72 

15 from which carbon monoxide has been removed is supplied to an 
anode compartment of a fuel cell stack 91 in the fuel cell 
power generation step 9 and air 92 is supplied to a cathode 
compartment of the fuel cell stack 91 by an air blower 93 to 
thus generate electricity, and an anode vent gas 94 is 

20 discharged from the anode compartment and a cathode vent gas 95 
is discharged from the cathode compartment. Heat generated in 
the cell stack at the time of power generation is cooled by 
cooling water 96b, 96a. The reference numeral 97 is a power 
generation output. 

25 FIG. 5 is a schematic block diagram showing the fuel cell 

power generation system according to the second embodiment of 
the present invention. The scrubbed gas 22 described in the 
first embodiment is introduced into a shift reactor 31 of the 
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shift reaction step 3 via a heat exchanger 33. In the shift 
reactor 31, carbon monoxide and steam in the scrubbed gas are 
converted into carbon dioxide and hydrogen at a temperature of 
200 to 250°C under a shift catalytic action for thereby 
5 lowering carbon monoxide concentration to 1 % or less, 
preferably 0.5 % or less. The gas 32 which has been subjected 
to the shift reaction and discharged from the shift reactor 31 
is introduced into a heat exchanger 33 where heat recovery is 
performed, and then the gas 32 is further cooled to about 30 °C 

10 by a cooler 43. Thereafter, the gas 52 is sent to the carbon 
monoxide adsorption step 7 described in the first embodiment by 
a second blower 63. Incidentally, in this embodiment and the 
third through seventh embodiments described later, the carbon 
monoxide gas 74 desorbed in the adsorption tower 71 is returned 

15 to the suction inlet of the blower 14. 

FIG. 6 is a schematic block diagram showing the fuel cell 
power generation system according to the third embodiment of 
the present invention. The gas 32, which has been subjected to 
the shift reaction, described in the second embodiment is led 

20 to a selective oxidation reactor 41 of the selective oxidation 
step 4 after recovery of heat by a heat exchanger 33. In the 
selective oxidation reactor 41, the gas 32 is reacted with the 
supplied oxygen or air at a temperature of 100 to 150°C under a 
selective oxidation catalytic action for thereby lowering 

25 carbon monoxide concentration in the gas 32 to 5000 ppm or less, 
preferably 500 ppm or less. The gas 42 which has been subjected 
to the selective oxidation and discharged from the selective 
oxidation step 4 is cooled to about 30°C by a cooler 43, and 
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then the gas 52 is sent by a second blower to the carbon 
monoxide adsorption step 7 described in the first embodiment. 

FIG. 7 is a schematic block diagram showing the hydrogen 
production system according to the fourth embodiment of the 
5 present invention. The gas 42 which has been subjected to the 
selective oxidation and discharged from the selective oxidation 
step 4 is cooled to about 30 °C by a cooler 43, and then sent to 
an absorption tower 51a of the carbon dioxide chemical 
absorption step 5. In the absorption tower 51a, the gas 42 is 

10 brought in contact with the regenerated absorption solution 53a 
to remove carbon dioxide down to 1000 ppm or less, preferably 
100 ppm or less. At the same time, in this step, acid gases 
such as hydrogen sulfide and hydrogen chloride are further 
removed down to 1 ppm or less, respectively. On the other hand, 

15 after absorption, the absorption solution 53b is led to a 
regeneration tower 51b via a heat exchanger 54. In the 
regeneration tower 51b, the absorption solution 53b is 
regenerated by heating the absorption solution to a temperature 
of 100 to 150 °C with steam 57 recovered in the gasification 

20 step, and carbon dioxide gas 55 is recovered. The absorption 
solution after regeneration is sent to the absorption tower 51a 
again via a heat exchanger 54 by a delivery pump 56. 

The gas 52 discharged from the carbon dioxide chemical 
absorption step 5 is led to the carbon monoxide adsorption step 

25 7 by a second blower 63, and in this step, carbon monoxide is 
removed down to 100 ppm or less, preferably 10 ppm or less. 
Thereafter, the gas 72 from which carbon monoxide has been 
removed is sent to the hydrogen purifying step 8. The hydrogen 



28 



purifying step 8 comprises at least two series of hydrogen- 
absorbing alloy containers 81a, 81b, and at least one hydrogen 
tank 82. The two series of the hydrogen-absorbing alloy 
containers perform hydrogen absorption and hydrogen desorption, 
5 respectively, and the changeover of hydrogen absorption and 
hydrogen desorption is carried out by crude hydrogen inlet 
solenoid valves 84a, 84b, refined hydrogen outlet solenoid 
valves 85a, 85b, and nitrogen and argon outlet solenoid valves 
86a, 86b. Here, the case where hydrogen desorption is performed 

10 in the alloy container 81a and hydrogen absorption is performed 
in the alloy container 81b will be described. 

In this case, the solenoid valve 84b is opened, and the 
gas 72 from which carbon monoxide has been removed is 
introduced into the alloy container 81b where hydrogen is 

15 absorbed at a temperature of 25 to 35 °C. Cooling water 88a is 
introduced into a jacket of the alloy container 81b to cool and 
remove heat generated in hydrogen absorption. After saturation 
of absorption, the solenoid valve 84b is closed and the 
solenoid valve 86b is opened, and nitrogen, argon gas and a 

20 trace amount of other impurity gases 83 accumulated in voids of 
the alloy packed bed of the alloy container 81b are released 
therefrom. On the other hand, steam 89a having a temperature of 
120 °C or higher and recovered in the gasification step is 
introduced into a jacket of the alloy container 81a where the 

25 solenoid valves 84a and 86a are closed and the solenoid valve 
85a is opened, whereby hydrogen absorbed in the hydrogen- 
absorbing alloy is released and the released refined hydrogen 
87a is supplied to a consuming place such as a fuel cell via 
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the hydrogen tank 82. The purity and pressure of the purified 
hydrogen gas 87a and 87b are 99.9% or more and 2 atmospheres or 
more, respectively. 

FIG. 8 is a schematic block diagram showing the hydrogen 
5 production system according to the fifth embodiment of the 
present invention. The gas 42 which has been subjected to the 
selective oxidization and discharged from the selective 
oxidation step 4 is cooled to about 30 °C by a cooler 43, and 
then sent to an adsorption tower 61 of the carbon dioxide 

10 adsorption step 6 by a second blower 63. In the adsorption 
tower 61, carbon dioxide in the gas is brought in contact with 
carbon dioxide adsorbent, and adsorbed and removed down to 100 
ppm or less, preferably 10 ppm or less. There are provided at 
least three series of adsorption towers 61, or at least two 

15 series of adsorption towers depending on conditions, and the 
adsorption tower in each of the series repeats adsorption and 
desorption alternately. If the adsorption ability of the 
adsorbent in the adsorption tower 61 is saturated, desorption 
and regeneration of the adsorbent is carried out by a vacuum 

20 pump 64, and the desorbed carbon dioxide is released to the 
atmosphere. Next, the gas 62 from which carbon dioxide has been 
removed is sent to the adsorption tower 71 of the carbon 
monoxide adsorption step 7 described in the fourth embodiment. 

FIG. 9 is a schematic block diagram showing the hydrogen 

25 production system according to the sixth embodiment of the 
present invention. In this embodiment, the gas 52 which has 
been subjected to the carbon dioxide absorption and discharged 
from the carbon dioxide chemical absorption step 5 described in 
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the fourth embodiment is sent to the adsorption tower 61 of the 
carbon dioxide adsorption step 6 described in the fifth 
embodiment. In the adsorption tower 61, carbon dioxide in the 
gas is further lowered to 100 ppm or less, preferably 10 ppm or 
5 less. Here, in this embodiment, the majority of carbon dioxide 
is absorbed and separated in the carbon dioxide chemical 
absorption step 5, and hence adsorption load of carbon dioxide 
on the carbon dioxide adsorption step 6 is very small. 
Therefore, by filling carbon dioxide adsorbent and carbon 

10 monoxide adsorbent into the same adsorption tower, the above 
two steps can be integrated into a single step. As a filling 
method, carbon dioxide adsorbent and carbon monoxide adsorbent 
are uniformly mixed and filled, or they are filled in the form 
of layers on top of one another. 

15 FIG. 10 is a schematic block diagram showing the fuel 

cell power generation system according to the seventh 
embodiment of the present invention. The purified hydrogen gas 
87b described in the sixth embodiment is supplied to an anode 
compartment of a fuel cell stack 91 of the fuel cell 9 to 

20 generate electricity. In this embodiment, the anode vent gas 94 
discharged from the anode compartment of the stack 91 is led to 
the hydrogen purifying step 8 to recover hydrogen gas. In the 
case where steam is contained in the vent gas 94, a 
dehumidifier may be separately provided to remove steam in 

25 advance. Further, cooling water 96a of the stack 91 is 
introduced into a jacket of the alloy container 81a of the 
hydrogen purifying step 8, and the hydrogen-absorbing alloy 
after hydrogen absorption is heated to release purified 
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hydrogen 87a therefrom. On the other hand, stack cooling water 
96b discharged from the jacket of the alloy container 81a is 
circulated again through the stack 91 for cooling the stack 91. 
As an example of a cooling temperature of the stack and a 
5 temperature of hydrogen desorption in the hydrogen-absorbing 
alloy, a temperature of the stack cooling water 96a (outlet) 
discharged from the fuel cell stack 91, i.e. warm water at the 
inlet of the jacket of the hydrogen-absorbing alloy container 
81a may be 75°C, and a temperature of the stack cooling water 

10 96b (inlet), i.e. warm water at the outlet of the jacket of the 
hydrogen-absorbing alloy container 81a may be 70 °C. 

Next, the gasification step of the present invention will 
be described in detail with reference to FIGS. 11 through 14. 

FIG. 11 is a schematic view showing an apparatus for 

15 carrying out the gasification step according to a first 
embodiment of the present invention. As shown in FIG. 11, 
combustibles a are supplied through a raw material feeder 101 
to a low-temperature gasification furnace 102 as a fluidized- 
bed gasification furnace where the combustibles a are 

2 0 pyrolyzed in the temperature range of 400 to 1000 °C to produce 
gas containing hydrogen and carbon monoxide as a gas component 
useful for fuel cell power generation, and a trace amount of 
hydrocarbons. In this case, raising the temperature from 
temperature at the time of the introduction of the 

25 combustibles to the temperature in the range of 400 to 1000 °C 
is carried out by partial combustion of the combustibles a. 
Incombustibles contained in the combustibles a are discharged 
from the gasification furnace 102. The low-temperature 
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gasification furnace may be a f luidized-bed furnace, or 
alternatively may be a rotary kiln, a stoker furnace or the 
like. When combustibles, such as municipal wastes, which have 
irregular shapes and contain incombustibles are used as the 
5 raw material, it is desirable to use the f luidized-bed furnace. 
This is because in the f luidized-bed furnace, unburned 
material does not adhere to the incombustibles to be 
discharged from the furnace, thus being less likely to pose a 
problem of the treatment and disposal of incombustibles. 

10 Further, when the f luidized-bed furnace is adopted, the bed 
temperature is preferably low so far as pyrolysis is not 
obstructed. Specifically, the furnace is preferably operated 
at a temperature of 400 to 600°C because the incombustibles 
are not oxidized and thus can be easily reutilized. 

15 The produced gas and a solid component such as ash 

content discharged from the low-temperature gasification 
furnace 102 are supplied to a dust collector 103. At this 
time, the inlet temperature of the dust collector is kept at 
400 to 650 °C. In a downstream portion of the low-temperature 

20 gasification furnace 102, i.e., in a freeboard portion, the 
gas temperature is lower than that in the f luidized-bed 
portion due to the progress of pyrolytic endothermic reaction. 
Therefore, even if the f luidized-bed temperature is 950 °C, 
there is a possibility that the gas temperature in the 

25 freeboard portion becomes a temperature lower than 650 °C. 
When the gas temperature is high, a radiation boiler may be 
provided. On the other hand, when the gas temperature is 
400 °C or below, air or oxygen may be supplied to the freeboard 
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portion to raise the gas temperature, thereby avoiding tar 
troubles. A cyclone may be used as a dust collector. It is, 
however, desirable that a filter system having high dust- 
collecting performance is adopted. In the temperature range 
5 of 400 to 650 °C, a high-temperature bag filter may be used as 
a dust collector. Alternatively, a ceramic filter or the like 
which is rapidly under development may be used. 

The produced gas b, from which solid components such as 
ash and alkali metal salts have been removed in the dust 

10 collector 103, is supplied into the gas processing step la. 

FIG. 12 is a schematic view showing an apparatus for 
carrying out the gasification step according to a second 
embodiment of the present invention. FIG. 12 shows an 
embodiment in which combustibles having a high calorific value 

15 such as waste plastics are used as a raw material. 
Combustibles a are pyrolyzed and gasified at a temperature of 
400 to 1000 °C in a low-temperature gasification furnace 102 to 
produce gas, and the produced gas is supplied into a high- 
temperature gasification furnace 115. In the high-temperature 

20 gasification furnace 115, the produced gas is further gasified 
at a temperature of 1000 to 1500 °C to reduce the molecular 
weight of the produced gas. The high-temperature gasification 
furnace 115 is kept at the melting temperature of ash content 
contained in the produced gas or higher. Thus, 80 to 90% of 

2 5 the ash content contained in the produced gas is slagged, and 
the slag is discharged as molten slag 126 to the outside of 
the system. The organic matter and hydrocarbons contained in 
the produced gas are completely decomposed in the high- 
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temperature gasification furnace into hydrogen, carbon 
monoxide, steam, and carbon dioxide. The gas produced in the 
high-temperature gasification furnace 115 is then cooled to 
650 °C or below in a waste heat boiler 119 comprising a 
5 radiation boiler to solidify molten alkali metal salts. The 
alkali metal salts after the solidification are collected by 
means of a dust collector 103. On the other hand, steam 
produced in the waste heat boiler 119 is supplied to a steam 
turbine to recover power. 

10 The produced gas after the complete decomposition of the 

organic matter and the removal of the solid matter is led to 
the gas processing step la. In the gasification step shown in 
FIG. 12, the high- temperature gasification furnace 115 has two 
functions for fuel reforming and slagging of ash. This 

15 process has a great advantage that ash can be slagged and then 
withdrawn separately from alkali metal salts and metals having 
a low melting point, thereby contributing to a reduction of 
the problem of ash disposal. 

FIG. 13 shows typical configuration of main constituent 

20 apparatuses constituting the second embodiment. The low- 
temperature gasification furnace 102 is a cylindrical 
f luidized-bed furnace having an internally circulating flow of 
a fluidized medium therein, and has an enhanced ability of 
materials to be diffused within the furnace for thereby 

25 realizing stable gasification. An oxygen-free gas is supplied 
into the central part of the interior of the furnace wherein a 
fluidized medium moves downward, while an oxygen-containing 
gas is supplied into the peripheral part of the furnace. This 
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permits char produced within the low-temperature gasification 
furnace to be selectively combusted, contributing to an 
improvement in conversion rate of carbon and cold gas 
efficiency. The high-temperature gasification furnace 115 is 
5 a swirling-type slagging combustion furnace. 

The cylindrical f luidized-bed furnace shown in FIG. 13 
will be described in more detail. A conical distributor plate 
106 is disposed at the bottom of the cylindrical f luidized-bed 
furnace. A fluidizing gas supplied through the distributor 

10 plate 106 comprises a central fluidizing gas 207 which is 
supplied from a central portion 204 of the bottom to the 
interior of the furnace as an upward flow, and a peripheral 
fluidizing gas 208 which is supplied from a peripheral portion 
203 of the bottom to the interior of the furnace as an upward 

15 flow. 

The central fluidizing gas 207 comprises an oxygen-free 
gas, and the peripheral fluidizing gas 208 comprises an 
oxygen-containing gas. The total amount of oxygen in all of 
the fluidizing gas is set to be 10% or higher and 30% or lower 

2 0 of the theoretical amount of oxygen required for combustion of 
combustibles. Thus, the interior of the furnace is kept in a 
reducing atmosphere. 

The mass velocity of the central fluidizing gas 207 is 
set to be smaller than that of the peripheral fluidizing gas 

2 5 208. The upward flow of the fluidizing gas in an upper 
peripheral region of the furnace is deflected toward a central 
region of the furnace by a deflector 206. Thus, a moving bed 
209 in which the fluidized medium (silica sand is used) are 
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moved downward and diffused on the distributor plate is formed 
in the central region of the furnace. In the peripheral 
region of the furnace, a fluidized bed 210 in which the 
fluidized medium is actively fluidized is formed. As 
5 indicated by the arrows 118, the fluidized medium ascends in 
the fluidized bed 210 in the peripheral region of the furnace, 
is deflected by the deflector 206 to an upper portion of the 
moving bed 209, and descends in the moving bed 209. Then, as 
indicated by the arrows 112, the fluidized medium moves along 

10 the fluidizing gas distributor plate 106 and moves into a 
lower portion of the fluidized bed 210. In this manner, the 
fluidized medium circulates in the fluidized bed 210 and the 
moving bed 209 as indicated by the arrows 118, 112. 

While the combustibles a supplied to the upper portion 

15 of the moving bed 209 by a raw material feeder 101 descend 
together with the fluidized medium in the moving bed 209, the 
combustibles are volatilized with heating by the fluidized 
medium. Because there is no or little oxygen available in the 
moving bed 209, the pyro lysis gas (produced gas) produced by 

2 0 the gasification, which comprises volatile matter, is not 
combusted and passes through the moving bed 209 as indicated 
by the arrows 116. Consequently, the moving bed 209 forms a 
gasification zone G. The produced gas moves into a freeboard 
107 as indicated by the arrow 120, and is discharged from a 

25 gas outlet 108 as a produced gas g. 

Char (fixed carbon) and tar produced in the moving bed 
209 which are not gasified move together with the fluidized 
medium from the lower portion of the moving bed 209 to the 
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lower portion of the fluidized bed 210 in the peripheral 
region of the furnace as indicated by the arrows 112, and are 
partially oxidized by the peripheral fluidizing gas 208 having 
a relatively large oxygen concentration. Consequently, the 
5 fluidized bed 210 forms an oxidization zone S of the 
combustibles. In the fluidized bed 210, the fluidized medium 
is heated by the heat of combustion in the fluidized bed. The 
fluidized medium heated to a high temperature is turned over 
by the deflector 206 as indicated by the arrows 118, and 

10 transferred to the moving bed 209 where it serves as a heat 
source for gasification. In this manner, the fluidized bed is 
kept at a temperature ranging from 400 to 1000 °C, preferably 
from 400 to 600°C, thus continuing controlled combustion 
reaction. A ring-shaped incombustible discharge port 205 is 

15 formed at the peripheral portion of the bottom of the 
f luidized-bed gasification furnace for discharging the 
incombustibles . 

According to the f luidized-bed gasification furnace 
shown in FIG. 13, the gasification zone G and the oxidization 

20 zone S are formed in the fluidized bed, and the fluidized 
medium circulates in both zones. Because the fluidized medium 
serves as a heat transfer medium, good quality combustible gas 
having a high heating value is generated in the gasification 
zone G, and char and tar which are difficult to be gasified is 

25 combusted efficiently in the oxidization zone S. Consequently, 
gasification efficiency of combustibles such as wastes can be 
improved and the produced gas having a good quality can be 
generated. This f luidized-bed gasification furnace is the 
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best suited as the low-temperature gasification furnace in the 
first to third embodiments. The low-temperature gasification 
furnace is not limited to the cylindrical f luidized-bed 
furnace, and, as with the above embodiments, a kiln-type or 
5 stoker-type furnace may be adopted. 

Next, the swirling-type slagging combustion furnace will 
be described in more detail. The high-temperature 

gasification furnace 115 includes a cylindrical primary 
gasification chamber 115a having a substantially vertical axis, 

10 a secondary gasification chamber 115b which is slightly 
inclined to the horizontal direction, and a tertiary 
gasification chamber 115c disposed downstream of the secondary 
gasification chamber 115b and having a substantially vertical 
axis. A slag discharge port 142 is provided between the 

15 secondary gasification chamber 115b and the tertiary 
gasification chamber 15c. Up to the slag discharge port 142, 
most of ash content is slagged and discharged through the slag 
discharge port 142. The produced gas is supplied into the 
swirling-type slagging combustion furnace in the tangential 

2 0 direction so that a swirling flow of the gas is created within 
the primary gasification chamber 115a. The produced gas 
supplied into the swirling-type slagging combustion furnace 
forms a swirling flow, and solid matter contained in the gas 
is trapped on the circumferential inner wall surface under a 

25 centrifugal force. Therefore, advantageously, the percentage 
of slagging and the percentage of slag collection are high, 
and slag mist is less likely to be scattered. 

Oxygen is supplied into the swirling-type slagging 
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combustion furnace through a plurality of nozzles 134 so as to 
properly maintain the temperature distribution in the furnace. 
The temperature distribution is regulated so that the 
decomposition of hydrocarbons and the slagging of ash are 
5 completed in the primary gasification chamber 115a and the 
secondary gasification chamber 115b. When oxygen is solely 
supplied, for example, there is a fear of a nozzle being 
burned. Therefore, oxygen is diluted with steam or the like 
before supplying, as necessary. Further, steam contributes to 

10 steam reforming to reduce the molecular weight of hydrocarbons, 
and thus should be supplied in a satisfactory amount. This is 
because the interior of the furnace has a high temperature, 
and when the amount of the steam is insufficient, condensation 
polymerization takes place to produce graphite having very low 

15 reactivity which is causative of unburned fuel loss. 

The slag flows down on the lower surface of the 
secondary gasification chamber 115b, and is discharged as 
molten slag 126 through the slag discharge port 142. The 
tertiary gasification chamber 115c serves as a buffer zone 

2 0 which prevents the slag discharge port 142 from being cooled 
by radiational cooling from a waste heat boiler provided 
downstream of the tertiary gasification chamber 115c, and 
serves to reduce the molecular weight of the undecomposed gas. 
An exhaust port 144 for discharging produced gas is provided 

2 5 at the upper end of the tertiary gasification chamber 115c, 
and a radiation plate 148 is provided on the lower part of the 
tertiary gasification chamber 115c. The radiation plate 148 
serves to reduce the quantity of heat emitted through the 
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exhaust port 144 by radiation. Reference numeral 132 denotes 
a start-up burner, and reference numeral 136 denotes a 
stabilizing burner. Organic matter and hydrocarbons contained 
in the produced gas are completely decomposed in the high- 
5 temperature gasification furnace into hydrogen, carbon 
monoxide, steam, and carbon dioxide. The gas produced in the 
high-temperature gasification furnace 115 is discharged from 
the exhaust gas port 144, and then is cooled to 650°C or below 
in the waste heat boiler 119 comprising a radiation boiler to 

10 solidify molten alkali metal salts. The alkali metal salts 
after the solidification are then collected by the dust 
collector 103. The high-temperature gasification furnace is 
not limited to this swirling-type slagging combustion furnace, 
and may be of other gasification furnace type. 

15 FIG. 14 is a schematic view showing an apparatus for 

carrying out the gasification step according to a third 
embodiment of the present invention. The third embodiment 
shown in FIG. 14 is an embodiment in which the configuration 
of the high-temperature gasification furnace has been modified 

2 0 to a configuration which is advantageous for the discharge of 
the slag. Specifically, the high-temperature gasification 
furnace 115 has a two-stage construction, upper-stage and 
lower-stage furnaces. The produced gas flows into the upper- 
stage furnace of the high-temperature gasification furnace 115 

25 and flows towards the lower-stage furnace. In this case, the 
gas flows also in a direction in which slag drops by gravity. 
Therefore, the flow is smooth, and clogging troubles are less 
likely to occur at the slag discharge port. A waste heat 
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boiler 119 comprising the radiation boiler is provided on the 
lower-stage side of the high-temperature gasification furnace 
115. The other construction is the same as that of the second 
embodiment shown in FIG. 12. 
5 As described above, according to the present invention, 

combustibles can be gasified to produce gas, and the produced 
gas can be utilized to produce high quality hydrogen gas 
suitable for a fuel cell power generation at a low cost and 
with high efficiency. Further, the produced hydrogen gas is 
10 utilized to perform fuel cell power generation efficiently. 

More specifically, the present invention offers the 
following advantages: 

( 1 ) The grouping of impurity gases is carried out according to 
their separation characteristics and the optimum separation 

15 technology can be utilized according to their separation 
characteristics and concentration range. 

(2) Gas treatment can be carried out under a relatively low 
pressure, such as a pressure of atmospheric pressure to about 
4 atmospheres or a pressure of 7 atmospheres at the maximum, 

2 0 which is achieved by a blower or a single-stage compressor 
which is inexpensive and has a high energy efficiency. 

(3) A hydrogen purifying step using hydrogen-absorbing alloy 
is provided for the purpose of separating N 2 and Ar gas in 
gases and raising a pressure of hydrogen gas without consuming 

25 power, and thermal energy which is exhaust heat of the fuel 
cell or is generated in the gasification step can be utilized 
as a heat source for releasing hydrogen from the hydrogen- 
absorbing alloy. 
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Industrial Applicability 
The present invention relates to a technology for 
recovering chemical energy of combustibles in the form of 
5 hydrogen gas and a technology for converting hydrogen gas to 
electric energy with high efficiency. The present invention 
can be utilized in a system in which combustibles such as 
combustible wastes or coal are gasified to produce gas, and 
the produced gas is then utilized to produce hydrogen gas, and 
10 an electric generating system in which the produced hydrogen 
gas is supplied to a fuel cell to generate electricity. 
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CLAIMS 



1. A hydrogen production method by gasification of 
combustibles, said method comprising a gasification step for 

5 gasifying combustibles and a gas processing step for producing 
hydrogen by refining the gas produced in said gasification 
step, said gas processing step comprising: 

a gas scrubbing step for absorbing and removing dust and 
a trace amount of acid gases such as hydrogen chloride and 
10 hydrogen sulfide in the produced gas obtained in said 
gasification step by bringing the produced gas into contact 
with water or alkali solution; and 

a carbon monoxide adsorption step for adsorbing and 
separating carbon monoxide by bringing the produced gas 
15 scrubbed in said gas scrubbing step into contact with carbon 
monoxide adsorbent. 

2 . A hydrogen production method by gasification of 
combustibles according to claim 1, further comprising a 

20 selective oxidation step for selectively oxidizing carbon 
monoxide in the scrubbed produced gas by a catalytic reaction 
with oxygen-containing gas, after said gas scrubbing step. 

3. A hydrogen production method by gasification of 
25 combustibles according to claim 1 or 2, further comprising a 

shift reaction step for converting carbon monoxide and steam 
in the produced gas into hydrogen gas and carbon dioxide by a 
catalytic reaction, after said gas scrubbing step or before 
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said selective oxidation step. 

4. A hydrogen production method by gasification of 
combustibles according to any one of claims 1 to 3, further 

5 comprising a carbon dioxide chemical absorption step for 
absorbing and separating carbon dioxide in the produced gas by 
bringing the produced gas into contact with alkaline 
absorption solution, before said carbon monoxide adsorption 
step. 

10 

5. A hydrogen production method by gasification of 
combustibles according to any one of claims 1 to 4, further 
comprising a carbon dioxide adsorption step for adsorbing and 
separating carbon dioxide in the produced gas by bringing the 

15 produced gas into contact with carbon dioxide adsorbent, 
before said carbon monoxide adsorption step. 

6. A hydrogen production method by gasification of 
combustibles according to any one of claims 1 to 5, further 

20 comprising a hydrogen purifying step using hydrogen-absorbing 
alloy for separating nitrogen and argon in the produced gas 
and pressurizing hydrogen gas, after said carbon monoxide 
adsorption step. 

25 7. A power generation method by gasification of 

combustibles for generating electricity by supplying hydrogen 
gas produced by the method according to any one of claims 1 to 
6 to a fuel cell. 
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8. A power generation method by gasification of 
combustibles according to claim 7, wherein exhaust heat 
recovered by the cooling of said fuel cell is utilized as a 

5 heat source for hydrogen desorption in said hydrogen-absorbing 
alloy according to claim 6. 

9. A power generation method by gasification of 
combustibles according to claim 7 or 8, wherein said fuel cell 

10 used in said fuel cell power generation step comprises a 
polymer electrolyte fuel cell or a phosphoric acid fuel cell. 

10. A hydrogen production apparatus by gasification 
of combustibles, said apparatus comprising a gasification 

15 furnace for gasifying combustibles and a gas processing 
apparatus for producing hydrogen by refining the gas produced 
in said gasification furnace, said gas processing apparatus 
comprising: 

a scrubbing tower for absorbing and removing dust and a 
20 trace amount of acid gases such as hydrogen chloride and 
hydrogen sulfide in the produced gas obtained in said 
gasification furnace by bringing the produced gas into contact 
with water or alkali solution; and 

a carbon monoxide adsorption tower for adsorbing and 
25 separating carbon monoxide by bringing the produced gas 
scrubbed in said scrubbing tower into contact with carbon 
monoxide adsorbent. 
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11. A hydrogen production apparatus by gasification of 
combustibles according to claim 10, further comprising a 
selective oxidation reactor provided downstream of said 
scrubbing tower for selectively oxidizing carbon monoxide in 

5 the scrubbed produced gas by a catalytic reaction with oxygen- 
containing gas. 

12. A hydrogen production apparatus by gasification of 
combustibles according to claim 11, further comprising a shift 

10 reactor provided downstream of said scrubbing tower or 
upstream of said selective oxidation reactor for converting 
carbon monoxide and steam in the produced gas into hydrogen 
gas and carbon dioxide by a catalytic reaction. 

15 13. A hydrogen production apparatus by gasification of 

combustibles according to any one of claims 10 to 12, further 
comprising a carbon dioxide absorption tower provided upstream 
of said carbon monoxide adsorption tower for absorbing and 
separating carbon dioxide in the produced gas by bringing the 

20 produced gas into contact with alkaline absorption solution. 

14. A hydrogen production apparatus by gasification of 
combustibles according to any one of claims 10 to 13, further 
comprising a carbon dioxide adsorption tower provided upstream 
25 of said carbon monoxide absorption tower for adsorbing and 
separating carbon dioxide in the produced gas by bringing the 
produced gas into contact with carbon dioxide adsorbent. 
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15. A hydrogen production apparatus by gasification of 
combustibles according to any one of claims 10 to 14, further 
comprising an alloy accommodating container packed with 
hydrogen-absorbing alloy provided downstream of said carbon 

5 . monoxide adsorption tower for separating nitrogen and argon in 
the produced gas and pressurizing hydrogen gas. 

16. A power generation system by gasification of 
combustibles for generating electricity by supplying hydrogen 

10 gas produced by the apparatus according to any one of claims 
10 to 15 to a fuel cell. 

17. A power generation system by gasification of 
combustibles according to claim 16, wherein exhaust heat 

15 recovered by the cooling of said fuel cell is utilized as a 
heat source for hydrogen desorption in said hydrogen-absorbing 
alloy according to claim 15. 

18. A power generation system by gasification of 
2 0 combustibles according to claim 16 or 17, wherein said fuel 

cell comprises a polymer electrolyte fuel cell or a phosphoric 
acid fuel cell. 
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^acknowledge my duty to disclose to the Patent and Trademark Office all information known to me to be material to patentability as defined 
. iin Title 37. Code of Federal Regulations, §1-56. 

H hereby claim priority benefits under Tide 35, United States Code, §1)9 (and §172 if this application is tor a Eteiign) of any applicaiion(s) 
f or patent or inventor's certificate listed below and have also identified below any application for patent or inventor's certificate having a film" 
Plate before that of the applicarion on which priority is claimed: 



APPLICATION NO. 



DATE OF FILING 



April 2, 1999 



I hereby claim the benefit under Title 35, United States Code § 120 of any United States application(s) listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in the prior United Stales application in the manner provided by the first 
paragraph of Title 35, United States Code §112. 1 acknowledge the duty to disclose information material to patentability a* detwed m Title 
37, Code of Federal Regulations, 5 1.56 which occurred between the filing date of the prior application and the national or PCT international 
filing date of this application: 



APPLICATION SERIAL NO. 


U.S. HUNG DATE 


STATUS: PATENTED, PENDING, 

ABANDONED 1 





















ATTACHMENT C 



And I hereby appoint Michael R. Davis. Reg. No. 25, 134; Matthew M. Jacob, Reg. No. 25, 154: Warren M. Check. Jr.. Reg. No. 33,367: Nils 
Pcdcrscn. Reg. No. 33.145; Charles R. Watts, Reg, No. 33,142; and Michael S. Huppcrt. Reg. No. 40,268. who together constitute the firm 
of WENDEROTH, LIND & PONACK. L.L.P., as well as any other attorneys and agents associated with Customer No. 0005 13. to prosecute 
this application and to transact all business in the U.S. Patent and Trademark Office connected therewith. 

I hereby authorize the U.S. attorneys and agents named herein to accept and Mow instructions from WAT&NABE & HOTTA. 

_______ __________ ___________ as t0 action to be taken in the U.S. 

Patent and Trademark Office regarding this application without direct communication between the U.S. attorneys and myself. In the event of 
a change in the persons from whom instructions may be taken, the U.S. attorneys named herein will be so notified by me. 



Direct Correspondence to Customer No: 


Direct Telephone Calls to: 




WfcNPEROTU, L1N1> & PONACK. LXP. 


lllllllillillll 


2033 "K" Streci. N. W.. Suiie S00 




■Washington. D.C. 21)006 




Phone: (2(G) 72I-R200 


PaTBNTTRADEMAKK office 


Pax: (202)721-8250 



Full Name of 
First Inventor 



Residence & 
Citizenship 



CITY 



F1R5T GIVEN NAME 

Qinqquan 



STATE Of 

Japan 



77f)Q 



COUNTRY OF CITIZENSHIP 

China 



Post Office 
Address 



ADUftfSS CITY STATE OR COUNTRY ZJPC.ODZ 

c/o Boara Corporation, 11-1, Haneda Asahi-cho, Chta-ku, Tokyo 144-85K 



Japan 



Japan 



Japan 



Full Name of 
Second Inventor 



family name 
.-J_l_OSHITA„ 



FIRST CIVENNAi 

- Kaz_o_. 



Residence & 
Citizenship 



STATE OR COUNTRY 



COUNTRY Of CmZENSI UP 



Japan lyjOj/Lj Japan 



Post Office 
Address 



ADDRESS CITY STATE OR COUNTRY ZIP CODE 

c/o Ebara Corporation, 11-1, Haneda Asahi.-cho, Ohta-ku, Tokyo 144- 85K 



Full Name of 
Third Inventor 



FIRST OVEN NAME SBCOND GIVEN NAME 

„TaJs,alliro^ — 



Residence & 
Citizenship 



COUNTRY OF CITIZENSHIP 



Japan KjPjLj _ Japan 



Post Office 
Address 



ADDRESS CITY - STATE OR COUNTRY ZIPCODE 

c/o Ebara Corporation, 11-1, Haneda Asahi-cho, Ovta-ku, Tokyo 144-85K 



Full Name of 
Fourth Inventor 



— Norihisa 



SECOND GIVEN N> 



Residence & 
Citizenship 



CITY 



COUNTRY OFCITC-NSKIP 



D OR COUNTRY ^^v, i COU.-TTKY t»-Ull_ 

Japan UPh-J Japan 



Post Office 
Address 



c7o Ebara Corporation, 11-1, Haneda Asahi-cho/ Ohta-ku, Tokyo 144-851(|[ Japan 



Full Name of 
Fifth Inventor 


FAMILY NAME 


FIRST GIVEN NAME .TO COKft GIVEN NAME 


Residence & 
Citizenship 


OiY 

__Toki:a- — — 


STATE OR COUNTRY ~ , / COUNTRY OF dTITENSHIP 

Japan u — * Japan 


Post Office 
Address 


ADDRESS 

c/o Ebaxa Corporation , 


CITY STATE OR COUNTRY OPCODE 

ii-i, naneda Asani -cno , Cttta-xu, Tokyo 144- odh 


Full Name of 
Sixth Inventor 


family name 


FlkiT <ftVW NAME SECOND GIVEN NAME 


Residence & 
Citizenship 


CITY 


STATE OR COUNTRY COUNTRY OF ClTOfcNSHM* 


Posl Office 
Address 


AJOUKESS 


CITY STATE OR COUNTRY 7JPC0DK 


Full Name of 
Seventh Inventor 


FAMILY NAME 


FIRST GIVEN NAME SECOND GIVEN NaMK 


; Residence & 
J Citizenship 


ClTV STATE UK COUNTRY COUNTRY OP CITIZENSHIP 


* Post Office 
: Address 


ADDRESS Cmr STATfc OR COUNTRY ZITCODE 



Japan 



H I further declare that all statements made herein of my own knowledge arc true, and that all statements on information and belief axe believed 
Jlto be true; and further that these statements were made with the knowledge that willful false statements and the like so made arc punishable 
; by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false statements may 
^jeopardize the validity of the application or any patent issuing thereon. 



p=3 1 si Inventor 




4th Inventor _ 
5th Inventor 

6ch Inventor _ 
7th Inventor _ 



Date Septerrber 28, 2 001 

p aw Septerrber 28, 2 00 1 

Kazuo KINOSHITA 

Date September 28, 2 001 

Takahxro OSHlTA 

Date September 28, 2 001 



Norihisa MIYOSHI 

_____ Dat e Septerrber 28 , 2 001 

"K'atsutosm nakUSE 

Date . 

Date 



The above application may be more particularly ideorifjed as follows: 

U.S. Application Serial No. Filing Date 

Applicant Reference Number " : : Atty Docket No. 



